Thioether derivatives of tylosin and demycarosyltylosin were synthesized by MICHAELtype addition of thiol to C-11 of the enone moiety on the aglycone. Some of tylosin derivatives were effective to macrolide resistant Staphylococcus aureus, and their in vivo activities were same or superior than that of tylosin.
Tylosin (1), a 16-membered macrolide antibiotic, has strong antimicrobial activity against Grampositive bacteria and mycoplasmas, and has been widely used as a feed additive and as a therapeutic agent in treatment of mycoplasmosis caused by Mycoplasma gallisepticum in veterinary field. Chemical modifications of 1 have been described focusing chiefly on acylation and sulfonylation of the hydroxyl group at the C-4 position of mycarose.1) In previous papers,2,3) we have reported reduction of the formyl group at C-19 and/or hydroxymethyl group at C-14 of 5-O-mycaminosyltylonolide obtained by a vigorous acid hydrolysis of 1 into methyl group and the reductive amination of the formyl group.
Among these derivatives, some compounds showed enhanced in vivo activity against Streptococcus pyogenes.
In this paper, we describe the synthesis of new thioether derivatives by MICHAEL-type addition of several thiols to the C-11 position and their evaluation for in vitro and mouse in vivo activities.
Synthesis of Thioether Derivatives by MICHAEL-type Addition
Application of the MICHAEL addition of thiophenol to C-11 of 1 in the presence of triethylamine afforded only the intramolecular aldol product between C-8 and C-20, but the desired 11-thioether derivative was not recognized in this condition (Chart 1). A similar aldol product has been also obtained by a vigorous acid hydrolysis of 1.
2) The structure of 3 was assigned as 8,20-cyclo-20-hydroxytylosin based on the following spectral data; EI-mass: M+ m/z 915; UV 2rna°A 276 nm; 13C NMR type addition, the formyl group at 19 position was protected. Protection of the aldehyde group of 1 with hydrogen chloride -methanol afforded demycarosyltylosin dimethyl acetal (4) with cleavage of the glycosidic linkage between mycaminose and mycarose. Protection of the formyl group with diphenyldisulfide and tri-n-butylphosphine in chloroform4) afforded diphenyl dithioacetal (5) without liberation of mycarose moiety. MICHAEL-type addition of thiols such as thiophenol, 4-aminothiophenol, ethanethiol, 4-methylthiophenol, 4-chlorothiophenol, 4-methoxythiophenol and 2-mercaptoethanol in the presence of triethylamine to both acetal 4 and 5 afforded the corresponding thioethers 6~15. Diphenyl dithioacetal compounds 6~ 11 were hydrolyzed with mercury oxide (red) and boron trifluoride etherate in 15% aqueous tetrahydrofuran under nitrogen atmosphere5) to yield 10,11-dihydro-11-thioether derivatives (16~21). On the other hand, the hydrolysis of dimethyl acetal compounds 1215 with 0.1 N HCl -acetonitrile gave demycarosyltylosin thioether derivatives 22~25 (Chart 2). The structural evidence for thioether formation were deduced from mainly NMR spectral data. In the 1H NMR spectrum of 16 the signals of H-10 and H-11 observed at 5 6.26 and 7.33 in 1 appeared to shift to up field region and the signals of H-13 and the methyl at C-12 were observed to shift to 1 4.84 (J13,14 = 9.5 Hz) and 1.63 from 6 5.91 and 1.76, respectively. The 13C NMR signals of C-10 and C-11 observed at 6 118.9 and 148.5 in 1 appeared to shift to 5 33.0 and 53.6 in 16, respectively, indicating that phenylthio group was introduced to 11 position. In a similar manner, the structures of other thioether derivatives were also confirmed by 1H NMR, 13C NMR and mass spectral data. The 13C
chemical shift values for 1 and the thioether derivatives are shown in Table 1 .
Biological Activities
Minimal inhibitory concentrations (MIC, pg/ml) of the thioether derivatives against some Grampositive and negative bacteria are shown in Table 2 . Generally, the thioether derivatives showed some- Table 2 . These derivatives were less active than 1 subcutaneously, but the ED50 values by oral administration were the same as or better than that of 1.
As described above, thioether derivatives obtained by MICHAEL-type addition possessed the same antimicrobial activity against macrolide-sensitive strains as 1 and 2. And the derivatives with the substituents such as methyl, methoxy and chlorophenylthio group showed enhanced antimicrobial activity against a macrolide-resistant strain. The results in our previous and present reports provide a new direction for chemical modification of tylosin and its related antibiotics.
Experimental
The optical rotations were measured on a Jasco DIP-181 spectrometer. The UV spectra were measured on a Shimadzu UV-210A spectrometer. Mass spectra were taken with a Jeol JMS-D 100 spectrometer. 1H and 13C NMR spectra were obtained on a Varian EM-390 90 MHz spectrometer and a Jeol PS 100 spectrometer, with tetramethylsilane as an internal standard in CDCl3. Column chromatography was performed on Merck silica gel 60. Merck silica gel 60 F254 was used for analytical TLC plates.
MIC against various bacteria was assayed by the agar dilution method using a medium containing peptone 0.5 % and meat extract 0.5 % (pH 7.0). In vivo test in mice infected S. pyogenes C-203 was carried out in the procedure by KIRST et al.6) Demycarosyltylosin Dimethyl Acetal (4) Tylosin (10.0 g) was dissolved in 0.5 % HCl -McOH, and the solution was allowed to stand for 1 hour at room temperature.
The reaction mixture was poured into cold sodium bicarbonate solution and extracted with CHCl3. The CHCl3 layer was dried over anhydrous sodium sulfate and filtered. The filtrate was evaporated in vacuo to give 4 (8. Tvlosin Diphenyl Dithioacetal (5) Tylosin (10.0 g), diphenyl disulfide (3.6 g) and tri-n-butylphosphine (4.5 ml) were dissolved in CHCl3 (20 ml), and the mixture was stirred for 2 hours at room temperature under nitrogen atmosphere. The reaction mixture was concentrated in vacuo, and the residue was subjected to silica gel column chromatography (CHCl3, -MeOH -conc NH4OH, 50: 1: 0.05) to give compound 5 (7.9 g, yield 65 %). 
